This project was designed to convince and empower management and plantation workers to improve their own nutritional health status and productivity. Plantations are generally bypassed by the government's primary health-care system. A nine-month intervention with iron (60 mg of elemental iron) and vitamin A supplementation and iodized salt was performed on the Balanoor Plantations in India. Of the women tea pickers, 99% (n = 334) received the supplements and bought the iodized salt from the plantation ration shop. Their mean hemoglobin level rose significantly from 11.0 to 11.9 g/dl. The women pickers gave the supplements to their families as well as themselves. The results were the same whether iron was given once or twice a week. The mean hemoglobin level of the women pickers rose significantly from 11.1 to 12.0 g/dl with the twice-weekly dose and from 10.9 to 11.8 g/dl with the weekly dose. The prevalence of clinical signs of vitamin A deficiency in the entire plantation population (about 2,500) was reduced significantly (from 19% to 4%), as was iodine deficiency (from 17% to 7%). Common health problems decreased from 88% to 54%. The number of patients referred to larger hospitals decreased significantly from 116 to 86. Absenteeism was not affected.
Introduction
The focus of this research project was to provide a multinutrient package in the workplace to improve the health, productivity, and profitability of tea-plantation workers. Plantations are generally bypassed by the government's primary health-care system. The design Empowering a tea-plantation community to improve its micronutrient health
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Editorial introduction
It has almost become a mantra in international nutrition circles that there is an urgent need for success stories. The Bulletin is pleased to have published a number of these and encourages their submission. The article that follows describes an intervention on a tea plantation in India and presents convincing evidence that it proved to be "simple, effective, and sustainable." Although micronutrient supplementation may be easier to implement with captive populations such as those on agricultural plantations, it is worth pursuing with these populations because of the large number of individuals involved and the importance of their health and productivity.
In the 1979 study of Basta et al. cited by the authors, there was a 19.8% increase in the take-home pay of anemic rubber tappers paid by the amount collected when they were given an iron supplement. Some years later, when I returned to help set up another study in the region, it was impossible to find a rubber plantation in which the owners were not providing an iron supplement. The thesis of the authors of the following article that every effort should be made to extend their experience to other plantations in India can be generalized to plantations in other countries. However, it should be noted that their success is likely to depend on a participatory approach involving owners, managers, and workers in the planning and implementation process. Editor Tara Gopaldas and Sunder Gujral called for working with the management of the tea estate as an equal partner and demonstrating the simplicity and cost-effectiveness of the intervention. The multinutrient package consisted of iron plus vitamin A supplements and iodized salt. India produces nearly 30% of the world's tea. India is also the largest consumer of tea in the world, and domestic demand for tea has outstripped production, despite phenomenal technological advances in increasing tea-crop yield or its productivity. Unfortunately, a similar effort has not been extended to increasing human health and productivity although picking is a high-cost, labor-intensive step in tea production and accounts for most of the employee costs [1] .
The concentration of tea, coffee, rubber, and spice plantations is greatest in South India, and the Northeast has the second highest concentration of tea plantations. Plantations are distinct entities, managed by large companies, corporations, or single owners, with management practices of decreasing efficiency in that order [2] . The health and welfare of the plantation workers are generally the responsibility of its management. The plantation sector employs about a million workers, who support about another five million dependents. The tea industry is unique in that 40% to 50% of its workers are women. The permanent work force lives on the plantations. Thus, there is great potential to design continuous, large-scale micronutrient and related health interventions for these large, accessible worker groups.
The United Planters Association of South India (UPASI) is a highly respected and powerful association of plantation managers and owners of all types of produce. They are worker and welfare oriented and are amenable to suggestions to improve the well-being and productivity of their workers. In the 1980s, UPASI supported a research project in the tea plantations of Kerala, where Rahamatullah [3] demonstrated by the Sahli method that the hemoglobin levels of female plantation workers (mostly of childbearing age) were very low (6.1 g/dl). Daily iron supplementation with ferrous sulfate tablets containing 65 mg of elemental iron significantly increased the hemoglobin levels and the average picking yield of tea leaves per supplemented worker. The intervention did not include other micronutrients.
The classical studies of Basta et al. [4] clearly demonstrated the relationship between iron-deficiency anemia and productivity of adult male workers on rubber plantations in Indonesia. The hemoglobin concentrations of these workers were 11.0 to 11.9 g/dl. Gardner et al. [5] also established the interrelationship between physical work capacity and work performance among female tea-plantation workers 26 to 62 years of age. A wide variation in hemoglobin concentrations, from 6.1 to 15.9 g/dl, was reported. In another Sri Lankan study of tea-plantation workers, Edgerton et al. [6, 7] reported very low hemoglobin levels of 6.0 to 9.0 g/dl, with substantial improvement in picking performance after iron supplementation. Kalita [2] also reported low hemoglobin levels among male and female tea-plantation workers of Assam. A combination of an anthelmintic, iron, and vitamin C had the greatest impact in raising hemoglobin levels (M. C. Kalita, personal communication, 1993) .
The intervention package of iron plus vitamin A and iodine was selected for this study based on its epidemiological need on the plantations [8] , its costeffectiveness, and its excellent success in improving the health and nutritional status of schoolchildren in Gujarat, Western India [9] .
Methods

Baseline and resurvey for the impact evaluation
A comprehensive baseline survey of approximately 2,500 subjects was conducted just prior to the implementation of the micronutrient-package intervention to record the existing health, nutritional status, and micronutrient status of 617 workers and their available family members. The resurvey was conducted after the completion of the two rounds of dosing. The total intervention period was nine months.
Family socioeconomic and other characteristics
Socioeconomic data included monthly family income, age, literacy, number of children, use of the ration shop, use of iodized salt, visits to the plantation hospital, referral to larger hospitals, attendance, and long absenteeism.
Dietary survey
The 24-hour-recall method was employed on a subsample of women tea pickers only (89 at baseline and 94 at resurvey). Monthly purchases of raw food commodities (rice, lentils, oil, salt, sugar, etc.), weekly purchases (usually of fish), and daily purchases of perishables (vegetables and milk) were recorded. The nutritive value of the raw foods [10] and the recommended daily allowance (RDA) of nutrients [11] were calculated according to the methods of the Indian Council of Medical Research.
Anthropometry
While wearing normal clothing, the subjects were weighed to the nearest 0.5 kg with a Krup's weighing scale [12] . Height was measured to the nearest 0.1 cm with a nonstretchable measuring tape fixed to a smooth-surfaced wall. Waterlow's classification [13] was employed for nutritional categorization based on body-mass index (BMI), which is calculated as the weight in kilograms divided by the square of the height in meters. A BMI of 18.5 or higher was indicative of a normal nutritional status in adults, and a BMI of 16.5 or less was considered to indicate and undernourished status.
Clinical examination
All subjects were examined for eye signs of vitamin A deficiency [14] . The signs were classified as nightblindness (XN), conjunctival xerosis (XIA), Bitot's spots (XIB), and corneal xerosis (X 2 ).
Hemoglobin measurements
The cyanmethemoglobin method as described by Oser [15] was employed. The physician and head nurse were trained to draw fingertip blood and estimate the hemoglobin value by using a digital colorimeter. Hemoglobin levels of less than 12 g/dl in nonpregnant adult women and children 6 to 14 years old, less than 13 g/dl in adult men, and less than 11 g/dl in children under 5 years of age were taken to be indicative of anemia [16] .
Survey procedure
Survey teams
As an empowerment strategy, we considered it essential to build capacity and confidence in the plantation hospital staff by having them conduct all aspects of the survey with us. Two teams were set up containing equal numbers of members from the plantation hospital and from Tara Consultancy Services. This greatly helped in capacity and confidence building in the plantation hospital staff. The trainers were the two authors of this paper. After all the tests had been conducted on the subjects, each subject was given a plastic screw-topped container containing a five-month supply of the iron tablets (60 mg of elemental iron) and the vitamin A capsules. The subject was told to dose herself or himself and all family members above three years of age with one iron tablet each, after the evening meal, on Tuesday and Friday. The red capsule (vitamin A) was to be taken on Friday only. The subject was further given a 1-kg packet of iodated salt of a brand known to contain adequate iodide. Thereafter the iodated salt was to be bought from the plantation ration shop. Adverse effects, if any, were to be reported to the plantation hospital as soon as possible. The same procedure was repeated 41⁄2 months later (second dosing).
Further procurement of the medicinal supplies and the iodized salt
As a part of the equal partnership arrangement, the cost of the total micronutrient package was shared equally by the plantation management and Tara Consultancy Services. The yearly cost of the micronutrient intervention per worker and family was only Rs. 61.50 (about US$2) in 1996-1998, the period of our study. The cost of the screw-topped container was about Rs. 15 (50 US cents). Table 1 shows that the intakes of all the macronutrients and micronutrients had increased significantly at the end of the study period. The ongoing informal nutrition education given by the hospital staff and research team also had some beneficial effect. However, at the resurvey the intake of iron still remained at a low 38% of the RDA, and that of vitamin A remained at only 27% of the RDA. Hence, it would appear that the only feasible way at the present time to improve the iron and vitamin A status of plantation workers, especially the women pickers, is by supplementation or food fortification. 
Results
Nutrient intake of a subsample of women pickers at baseline and the end of the study
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Impact of the micronutrient intervention on perceived improvements in health according to regularity of use of the supplements
There was a clear and significant increase in the percentage of twice-weekly users of the iron and vitamin A supplements (72%) who reported "feeling better" (table 2) . Overall, 54% claimed to feel better, 9% said their appetite had improved, and 44% perceived no change in their state of health. However, 6% of those who had stopped taking the supplements after one or two months also said they felt better.
Body-mass index
A larger percentage of both female and male pickers had a BMI of 18.5 or more at resurvey than at baseline (table 3) . Women who did not work as tea pickers ("nonpickers") did not have to expend as much energy as those who worked as pickers, and these nonpickers showed a highly significant improvement: 69% at resurvey, as compared with 42% at baseline. Overall, the BMI in the total worker population improved significantly: 40% at baseline and 48% at resurvey had a BMI of 18.5 or more. This was possibly due to a combination of better appetite and the general nutrition education given by the research team. The management stated that more subsidized rice was being purchased from the ration shop.
Clinical signs of iron deficiency
The prevalence of pale conjunctiva, the most reliable clinical sign of iron deficiency, was significantly reduced in the picker population (women) from 45% to 9% (table 4 ). In the nonpicker population (predominantly men), the prevalence was reduced from 42% to 8%.
Clinical signs of vitamin A deficiency
The prevalence of preclinical and clinical signs of vitamin A deficiency (night-blindness, conjunctival xerosis, and Bitot's spots) was reduced from 19% at baseline to 4% at resurvey (table 5). In the pickers (almost all women), the prevalences of all the signs were significantly reduced: night-blindness from 9% to 2%, conjunctival xerosis from 8% to 2%, and Bitot's spots from T. Gopaldas and S. Gujral 2% to less than 1%. In the nonpickers (mostly men), the prevalences of all the signs were also significantly reduced: night-blindness from 10% to 2%, conjunctival xerosis from 9% to 1%, and Bitot's spots from 3% to 1%. Among children there was a nonsignificant reduction from 6% to 3% in the percentage with any signs of vitamin A deficiency. The nutrient intake data of the women pickers reflected their very poor vitamin A status (table 1) . At baseline their intake of vitamin A was just 21% of the RDA. The research team noted that the meals were monotonous and consisted of large servings of rice and lentil curry. Very little milk, vegetables, or fruits was consumed. Fish was eaten only occasionally. However, due to nutrition education and improved appetite, the average retinol intake increased to 27% of the RDA. The vitamin A supplement of 1,600 IU, if taken weekly, would have added 230 IU or 69 µg of retinol to the meager 165 µg of retinol obtained from the diet, bringing it up to 239 µg, or about 40% of the RDA. All those identified as vitamin A deficient had acute signs of deficiency.
Clinical signs of iodine deficiency
Overall, 17% of the participants manifested signs of mild iodine deficiency (small swelling at the base of the neck) at baseline, which was significantly reduced to 7% at resurvey (table 6). The reduction was significant in both pickers (from 18% to 10%) and nonpickers (from 20% to 5%). No child manifested clinical signs of iodine deficiency at baseline, but one did at resurvey.
Overall, the use of a reliable source of iodated salt by the whole family had beneficial effects on its iodinedeficiency disorder status.
Hemoglobin status
The mean hemoglobin levels in the women significantly rose from 11.0 g/dl at baseline to 11.9 g/dl at resurvey (table 7) . The change was more impressive in Empowering a tea-plantation community the men, in whom there was a significant rise from 12.1 to 14.0 g/dl. Among the children, there was a nonsignificant rise from 10.8 to 11.6 g/dl. Hemoglobin levels rose significantly among women pickers and nonpickers (table 8) . Among women pickers who consumed the supplement twice a week, the mean hemoglobin level rose significantly from 11.1 to 12.0 g/dl. The level rose from 10.9 to 11.8 g/dl among the women pickers who took the supplement only once a week or "off-and-on." We, therefore, concluded that it did not make an appreciable difference whether the subject dosed herself once or twice a week. Among the few who stopped taking the supplements, there was a nonsignificant rise in hemoglobin from 11.0 to 11.3 g/dl.
Morbidity and absenteeism
On the whole, the workers perceived that their common health problems decreased from baseline to resurvey (table 9) . This decrease was found to be highly significant. The prevalence of general weakness decreased from 17% to 7%; the prevalence of all aches (body, head, neck, limbs, joints, and shoulders) decreased from 65% to 13%; the prevalence of bronchitis, upper respiratory tract infection, cough, etc. decreased from 11% to 1%; and the prevalence of obstetrical and gynecological problems decreased from 13% to 3%. How- ever, the prevalence of abdominal pain, giddiness, and gastritis rose significantly from 7% to 32%, a change that we cannot explain. Table 10 sets out the relationship between monthly attendance and hemoglobin status. The hypothesis was that a better hemoglobin status would lead to better attendance. Although there was a distinct trend to support this hypothesis, the relationship missed statistical significance. Absenteeism was not health related (table 11) . The overall absenteeism rate over the ninemonth intervention study was 27%. The maximum absenteeism was in the months of January, February, and March, which correspond to the marriage season. They are also the lean tea-picking months.
Reduction in iron-deficiency anemia
There was a highly significant reduction in irondeficiency anemia among the women, men, and children ( fig. 1 ) [17] . All of the children were anemic at baseline, although the mean hemoglobin value appeared to be fairly adequate at a mean of 11 and 10.8 g/dl, respectively for boys and girls (WHO cutoff ≥ 12 g/dl). Iron-deficiency anemia was widely prevalent at baseline among men as well (WHO cutoff ≥ 13 g/dl).
Discussion
The success of this study is to be judged at least as much by the success of its participatory plan of action as by the impact achieved as a result of the micronutrient intervention. Plantations have some unique characteristics, which can be capitalized upon in the delivery of a micronutrient package to workers and their families. In India the tea pickers are almost always women, and skilled pickers are becoming rare. Forty to fifty percent Aug  27  20  7  26  27  20  7  26  Sep  26  21  5  19  25  19  6  24  Oct  26  19  7  27  27  22  5  19  Nov  26  21  5  19  26  19  7  27  Dec  26  20  6  23  27  20  7  26  Jan  27  17  10  37  27  17  10  37  Feb  25  17  8  32  24  16  8  33  Mar  26  19  7  27  26  18  8  31  Apr  26  18  8  31  26  20  6  23   Overall  26  19  7  27  26  19  7  27 Empowering a tea-plantation community of the operational field costs of tea production are for picking the leaves. Therefore, it makes good sense to devise and assess an intervention or strategy that is simple, acceptable, and sustainable [18] [19] [20] .
Was the micronutrient intervention acceptable and sustainable?
Iodine-deficiency disorders are endemic in Chickmagalur District. Most low-income groups manifest a high prevalence of iron-deficiency anemia and vitamin A deficiency as well. A recent Karnataka nutrition profile of women, adolescent girls, and children confirmed that hidden hunger for iron, iodine, and vitamin A was widely prevalent in Chickmagalur District, where our study estate was located [8] . Our previous experience in advising the Government of Gujarat Western India had shown that it was possible for the government to successfully procure and distribute the above micronutrients along with albendazole (an anthelmintic) for nearly three million schoolchildren in every district of Gujarat on a continuing basis [9] . Hence, we knew that it would be not be difficult to devise a similar and much-needed intervention for the plantation workforce. An uninterrupted supply line is essential for any intervention. Fortunately, ferrous sulfate and iodated salt were in abundant supply, although vitamin A was not. Salt doubly fortified with iron and iodine was our first choice, but no supplier was found. In Gujarat the cost of albendazole plus iron and vitamin A came to Rs. 10.50 per schoolchild per year (about 30 US cents in [1994] [1995] [1996] . In this intervention, the cost of the three micronutrients was about Rs. 12 per person per year (about 35 US cents in 1996-1998). Provided there is a well-established source, such as the plantation hospital for the medicinal supplements and the plantation ration shop for iodated salt, this combination of supplementation and fortification is by far the most easily managed, cheapest, and most accountable nutrition intervention [21] .
The purpose of this project was to design and implement a joint intervention that was fully acceptable to both the plantation management and the workforce. Many well-intentioned national and international projects do not give sufficient importance to the community and its leaders in project design. As a result, the project ends when the research team leaves [22] . In this project, maximum emphasis was put on evolving a strategy or intervention that this study plantation now, and other surrounding ones in the near future, could and would adopt willingly.
The director of the study plantation and his management continued with the micronutrient intervention, even after the research team left in April 1997. We believe that this was possible because of the simplicity of the intervention, its high acceptability to both the management and the workforce, and its sustainability, since it was cost effective and the micronutrients were easily available in the market.
Was the intervention effective in improving the health of the workers?
Very significant micronutrient-specific improvements in the health of the workforce (pickers and nonpickers) and their dependents were observed. The clinical signs of iron, iodine, and vitamin A deficiencies declined. At the baseline survey, the workforce as a whole either had no iron-deficiency anemia or suffered from mild irondeficiency anemia. The mean hemoglobin level of the women pickers was 11 g/dl, and this went up by a gram due to the intervention. In the men workers, there was a significant mean rise of 2 g/dl. Hence, the intervention did improve the iron status of the workforce. Referral to big hospitals for nutrition and micronutrient-related health problems decreased significantly, from 116 to 86 patients. The majority of the workforce stated that they "felt better," "ate more," and "felt less tired." Perception is almost as potent as objectively measured change. The intervention created a reservoir of good will and a feeling of being cared for. The improved health of the workforce permeated to the management as well. Many workers told the research team that this was the first time they and their families had been given a health checkup in the plantation hospital.
Multinutrient interventions can be comfortably and cost-effectively included in ongoing programs, and it makes good sense to deliver a "three-in-one" package of iron, iodine, and vitamin A. There is also good evidence that mass deworming of entire plantation populations not only controls intestinal helmin- thic infections, but also brings about better utilization of the micronutrients [23] [24] [25] . This was begun on the study plantation in April 1997 and still continues. This study showed that iron supplementation two times a week or once a week works just as well. A strategy that advocates weekly iron supplementation, particularly in institutions, is likely to be well received [26] [27] [28] [29] . The study showed that the workers were responsible about taking the supplements themselves and giving them to their children. We conclude that the micronutrient intervention jointly evolved with the study estate proved to be simple, effective, and sustainable.
Recommendations
The following recommendations are based on the findings of this project, which demonstrated that the iron, iodine, and vitamin A status and the health of the plantation workforce improved significantly: » Encourage partnerships among the management of plantations, academia, researchers, and the pharmaceutical and food-processing industries to design and deliver simple, cost-effective, and sustainable micronutrient interventions of iron, iodine, and vitamin A for the workforce on plantations. » Build confidence and capacity among the management and staff of plantations to manage micronutrient interventions on their own. » Demonstrate how combined multinutrient interventions can be easily integrated into the ongoing health programs or activities on the plantation. » Encourage the management and plantation ration shops to procure and store only reputable brands of iodated salt and to sell it at subsidized rates. Fortification of common foods is the cheapest and simplest way to ensure that the entire workforce and their families consume the three micronutrients, iron, iodine, and vitamin A. Plantation managers should seriously explore procuring double-fortified salt (iron and iodine) and selling it to their workforce at reduced cost. Cooking oil likewise could be fortified with vitamins A, D, and E. » Promote a movement in the plantation industry to replicate this study's success story by convincing the managers that the improvement of the health and well-being of their workforce through micronutrient interventions will result not only in better worker productivity but also in more cordial relations between the management and workforce.
